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СНАРТЕК 1 


Definition and Advantages of the Internal Gear 


An internal gear may be described as the 
opposite of an external gear, in that the teeth 
point towards, rather than away from, the 
center, the addendum and dedendum taking 
reverse positions. Because of this condition, 
the tooth action also differs, and for the same 
ratio of teeth, the length of the line of action 
is somewhat increased in the internal gear. 





Furthermore, the teeth come into and go out 
Fig. 1.—Internal Gear of action with less slippage. 
and Pinion. The internal gear possesses several advan- 
gear | ( veral advan 
tages when properly applied. И is especially adapted to drives for 
rear axles for trucks, tractors, and similar heavy-duty vehicles. 
It is also used quite extensively in connection with reduction, as 
well as “step-up” gear mechanisms, and in epicyclic or planetary 
gear combinations. Still another application is for clutches, both of 
the friction-disk and coupling types. 


Shorter Center Distance 


The internal gear and its mating pinion operate at a closer center 
distance than external gears of the same size. This often permits a 
more compact design, which is a distinct advantage. Fig. 2 shows a 
15-tooth pinion in mesh with a 36-tooth gear—externally and 
internally. The center distance of one is approximately 2.4 times 
greater than the other. In cases where it is necessary to have two 
parallel shafts rotate in the same direction, the internal gear eliminates 
the use of an idler gear. 


The Internal Gear Forms Its Own Gear Guard 


Guarding of gears is highly desirable in many mechanisms to 
prevent accidents. An internal gear can be designed, as shown in 
Fig. 3, to form its own guard. Such a gear can easily be cut on the 
Gear Shaper, because it is possible to work the Gear Shaper cutter 
close up to a shoulder when a recess is provided at the end of the cut. 
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Fic. 2.—Diagram Showing Relative Center Distances of an Internal and 
External Gear of the Same Pitch Diameter, Pitch and Tooth Вано. 


Greater Length of Tooth Contact 


The pitch circles of an internal gear and mating pinion bend in 
the same direction; whereas, the pitch circles of corresponding external 
gears bend away from each other. This permits a longer arc of 
action between an internal gear and pinion than between externals 
ora rack. А rack operating with the same pinion permits a longer 
arc of action than that of two externals, but not equal to that of 
pinion and internal. This is illustrated in Fig. +, where the external 
gear and pinion are indicated by full black lines. 

Тће length of tooth contact varies with the ratio between the 
number of teeth in gear and pinion. The ratio here is 5 to 1, the 
gear having 80 and the pinion 16 teeth. When the number of teeth 
in the pinion closely approaches the number of teeth in the internal 
gear, the relative increase in the length of tooth contact is greater. 


Reduced Sliding Action 


The corresponding working surfaces of the teeth of an internal gear 
and pinion are more nearly of the same length than is the case with 
an external gear and pinion having the same tooth ratio and tooth 
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length; hence, the relative slip- 
page of the teeth is less in the case 
of the internal gear, as is clearly 
explained in Chapter Ш. This 
point presents one of the many 
good features that have been in- 
strumental in bringing about a 
more general use of the internal 
gear. The sliding action of one 
tooth over another causes friction, 
and as friction results in wear, a 
reduction of the sliding action is 
desirable. 


Longer Life and Greater 


Strength Е 
Fic. 3.—Illustration Showing How 
Greater length of tooth contact, ^ qn Internal Gear Can Be Made 
reduction of sliding action, etc., To Form Its Own Gear Guard. 
all tend to produce a gear tooth 
which has a longer life. The factor of greater strength is also of 
importance. Chapter V contains an analysis of the comparative 
strength of external and internal gear teeth of 14 1/2-degree full- 
length, and 20-degree stub-tooth forms. 
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Fic. 4.—Diagram Illustrating Relative Length of Contact between an 
External Gear and Pinion, an External Gear and Rack and an 
Internal Gear and Pinion of the Same Pitch and Pressure Angle. 





СНАРТЕВ П 


Design of Internal Gears 


The tooth parts of an internal gear are the same as those of an 
external gear, with the exception that a new element, the internal 
diameter, is introduced. The addendum and dedendum take the 
reverse positions from those which they occupy in an external gear, 
and the outside diameter is eliminated. 


Rules for Calculating Tooth Parts 


Before proceeding with the various points which should be con- 
sidered in designing an internal gear, the rules and formulas used in 
calculating those elements will be given. Table I gives the rules and 
formulas used in obtaining these various elements for involute gears. 
For notation, reference should be made to Fig. 5. 

Pitch Diameter (PD).—When the number of teeth and the diametral 
pitch are known, the pitch diameter can be found by dividing the 
number of teeth by the diametral pitch. Rule No. 1. 

Example:—Find the pitch diameter of an internal gear having 24 
teeth, the diametral pitch being 6. 

РО = = = 4 inches. 

Pitch Diameter (PD).—When the number of teeth and the circular 
pitch are known, the pitch diameter can be found by multiplying the 
number of teeth by the circular pitch and dividing the product by 
3.1416. Rule No. 2. 

Example:—Find the pitch diameter of an internal gear having 
24 teeth, the circular pitch being 0.5236 inch. 

24 x 0.5936 

FD = 31416 

Center Distance (CDi).—When the numbers of teeth in the gear 
and pinion and the diametral pitch are known, the center distance 
can be found by dividing the difference between the number of teeth 
in gear and pinion by two times the diametral pitch. Rule No. 3. 

Example:—Find the center distance of an internal gear and 
pinion having 24 teeth and 12 teeth, respectively, the diametral 


— 4 inches. 
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TABLE I—Rules and Formulas for Calculating Elements of Internal 
Spur Gears (For notation see Fig. 5). 
































Rule Dimension Rule Formula 
No. Wanted 
| Divide Number of Teeth by N 
1 Pitch Diameter | Diametral Pitch............ PD = —- 
| ОР 
Multiply Number of Teeth by Nx Cp 
9 Pitch Diameter | Circular Pitch апа Divide) PD = т 
Product by 3.1416.......... 2. 1416 
Divide Difference between 





Number of Teeth in Gear and Nga Мр 
Pinion by Two Times the Di-| CDi = - a 
ametral Риїсһ............... 





8 Center Distance 
эх DP 





Multiply Difference between 
Number of Teeth in Gear and (Ng E Np)CP 


+ | Center Distance | Pinion by Circular Pitch апа! CDi = NET UM 


Divide Product by 6.88%... . 





Divide Difference between 

PDg — PD 
Pitch Diameter of Gear апа) CDi = sa 
Pinion by Тжо............. 


5 Center Distance 2 


6 | Internal Dia. from the Pitch Diameter. ....| ID = PD — (2x А) 











Divide Number of Teeth by 
Diametral Pitch and Subtract N 
Twice the Addendum from} ID = e MEA 
Quotient........ 


7 Internal Dia. 





Add Twice the Whole Depth 
of Tooth to the Standard In-| RD 
ternal Diameter. ............ 


2x WD + ID 


8 Root Diameter 





Subtract Twice the Addendum 


*Add 2.5 Times the Addendum 
9 Root Diameter to the Pitch Diameter... .... RD = 2.5x A+ PD 








1 MEM | 
| Multiply the Pitch Diameter, 
10 Base Circle Dia. | by the Cosine of the Pressure. ВСР = PD x Cos. УР. 


Angle оу аб ЭЛЭГ ЛА 


! 














“Тһе clearance on gears cut on the Gear Shaper is governed by the pitch—refer to 


Tables V and VI. | 
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Fia. 5.— Diagram Giving Notation of Various Elements of an Internal 
Gear and. Pinion. 


pitch being 6. 
е 24 — 12 
CDi = —— 
i 2x6 
Center Distance (CDi).—When the numbers of teeth in the gear 
and pinion and the circular pitch are known, the center distance can 
be found by multiplying the difference between the numbers of 
teeth in gear and pinion by the circular pitch and dividing the product 
by 6.2832. Rule No. 4. 
Ewample:—Find the center distance of an internal gear and 
pinion having 24 and 12 teeth, respectively, the circular pitch being 
0.5236 inch. 
4 (24 — 12) 0.5936 
Ва = —_ 
иас 6.2832 


= 1 inch. 


= 1 inch. 
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Center Distance (CDi).—When the pitch diameters of the internal 
gear and pinion are known, the center distance is found by dividing 


the difference between pitch diameter of gear and pinion by two. 
Rule No. 5. 
Example:—Find the center distance of an internal gear and pinion, 
the pitch diameter of the internal gear being 4 inches, and the pinion 
2 inches. 
CDi = = = 1 inch. 
Internal Diameter (ID).—When the pitch diameter and addendum 
are known, the internal diameter is found by subtracting twice the 
addendum from the pitch diameter. Rule No. 6. 


Example:—Find the internal diameter of an internal gear, the 
pitch diameter of which is 4 inches and the addendum is 0.167 inch. 

ID = 4 — 2x 0.167 = 3.666 inches. 

Internal Diameter (ID).—When the number of teeth, diametral 
pitch, and addendum are known, the internal diameter can be found 
by dividing the number of teeth by the diametral pitch and sub- 
tracting twice the addendum from the quotient. Rule No. 7. 


Example:—Find the internal diameter of an internal gear of 94 
teeth, 6 pitch, having an addendum of 0.167. 


ID = = - 2x 0.167 = 3.666 inches. 


Root Diameter (RD).—When the standard internal diameter and 
the whole depth of tooth of an internal gear are known, the root 
diameter can be found by adding twice the whole depth of tooth to 
the internal diameter. Rule No. 8. 


Example:—Find the root diameter of an internal gear having a 
standard internal diameter of 3.666 inches and a whole depth of 
tooth of 0.375. 


RD = 3.666 + 2x 0.375 = 4.416 inches. 


Root Diameter (RD).—When the pitch diameter and the addendum 
of an internal gear are known, the root diameter can be found by 
multiplying the addendum by 2.5 and adding the result to the pitch 
diameter. (See Footnote under Table I). Rule No. 9. 


Example:—Find the root diameter of a gear having a pitch diameter 
of 4 inches and an addendum of 0.167 inch. 


Кр = 4 + 2.5 х 0.167 = 4.417 inches. 
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Fic. 6.—Diagram Illustrating How Pinion Teeth “Foul” with Internal 
Gear Teeth when Number of Teeth in the Pinion Closely Approaches 
Number of Teeth in the Gear. 


Base Circle Diameter (BCD).—When the pressure angle and pitch 
diameter are known, the base circle diameter can be found by 
multiplying the pitch diameter by the cosine of the pressure angle. 

Rule No. 10. 

Example:—Find the base circle diameter of an internal gear having 

a pressure angle of 20 degrees, and a pitch diameter of 4 inches. 
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Fic. 7.— Diagram Illustrating How the Gear Shaper Cutter, when Too 
Large in Diameter, Trims Off the Teeth of an Internal Gear when 
Being Fed into Depth. 
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(Cosine of 20 degrees = 0.9397. Cosine of 14 1/2 degrees = 
0.9682.) 

BCD = 4x 0.9397 = 3.7588 inches. 

The Clearance (C) at the bottom of the tooth of an internal 
gear, as cut on the Gear Shaper, varies with the pitch as explained 
in connection with Tables V and VI. 


Points on the Design of Internal Gears 


While the design of an internal gear differs in a few minor points 
from that of an external gear, it is governed largely by the limitations 
of the involute system of gearing. With the 14 1/2-degree involute 
system, 12 teeth for an external gear is about the low limit for 
number of teeth. A smaller number of teeth than 12 in the pinion 
requires a special form of tooth—an increase in the pressure angle— 
in order to produce a satisfactory running gear. With the internal 
gear we also have limitations, which are due both to the inherent 
peculiarities of the involute system, and also to the way in which 
the pinion meshes with the internal gear. 

When the internal gear is used for reduction purposes by employing 
a small pinion and a large gear, the question of design, from the 
standpoint of tooth shape and tooth action, does not always require 
special consideration. It is only where the number of teeth in the 
pinion closely approaches the number of teeth in the gear that it is 
necessary to lay out the teeth to see that proper tooth action results. 

As a general rule, the smallest permissible difference between the 
number of teeth in the pinion and internal gear, to give proper tooth 
action without considerable modification of tooth shape, is 7 teeth for 
20-degree stub-tooth form, and 12 teeth for full-length 14 1/2-degree 
involute form. 


Selecting the Cutter for the Work 


As the Gear Shaper cutter is essentially a pinion, the cutting of 
internal gears presents the same conditions as when the pinion is 
meshed with the internal gear. For this reason, the difference 
between the number of teeth in the cutter and the number of teeth 
in the internal gear it is to cut must be such as to permit the cutter 
to be fed into depth, and also rotate with the gear without either 
“trimming” or “fouling” the teeth of the latter. 


The terms “fouling” and “trimming” are illustrated by diagrams. 
Fig. 6 shows a pinion of 25 teeth, 10 pitch, 14 1/2-degree pressure 





14 THE INTERNAL GEAR 


< 


INTERNAL GEARS 


ХОС TOOTH 
: 


келч 


\ SZL 
DX 7— PITCH CIRCLE OF INTERNAL GEAR 
BLACK PATCHES |NOICATE THOSE 


> Же ий 
PORTIONS ОҒ THE WHICH ARE 
‘ TRIMMEO OFF WHEN THE GEAR SHAPER 


CUTTER 19 теңі ім TO DEPTH 


GEAR SHAPER! Cl TTER 


1209 8тив TOOTH 


j/_- CENTER OF CUTTER 


12 TEETH, б PITCH, 


BASE CIRCLE OF CUTTER 


STANDARD INSIOE 
DIAM 


| ETER OF 
5 сантал OF ажай INTERNAL GEAR 
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| angle in mesh with an internal gear of 30 teeth, 10 pitch. It will be 
noticed that the difference between the number of teeth in the 
pinion and gear is only 5; evidently, trouble will result due to the 
points of the pinion teeth “fouling” the internal gear teeth. The 
amount of “fouling” is indicated by cross-hatched lines, while 
lines A and B indicate path of points of pinion teeth as they come 
into and go out of mesh. To eliminate “fouling” it is necessary 
to do one of several things—either increase the pressure angle or 
internal diameter, or decrease number of teeth in pinion. The 
Gear Shaper cutter, being shaped like a gear, trims off those points 
of the teeth indicated by the cross-hatched lines. The Gear Shaper 
cutter, therefore, automatically corrects the teeth of an internal 
gear, so that a pinion will run with it. | 


“Trimming” the Teeth 


“Trimming” is illustrated in Figs. 7, 8 and 9, respectively. Неге 
the cutter is 20° and has 6 teeth less than the internal gear, so when 
the cutter (see Fig. 7) is being fed into depth with one tooth of the 
cutter centered with that of the tooth space in the internal gear, the 
gear teeth are slightly trimmed. Fig. 8 shows a tooth space in the 
cutter centered with a tooth of the internal gear. Here, only two 
teeth are trimmed, but the trimming is greater. This can be 
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corrected by either increasing internal diameter or using a cutter of 
smaller diameter. In this connection, reference should be made to 
Figs. 13 and 14, where the cutter to use for cutting different sizes of 
internal gears is graphically presented. 


Standard Sizes for Gear Shaper Cutters 


The Spur Gear Shaper cutter is made in four standard sizes, having 
the following approximate pitch diameters: 1, 2, 3 and 4 inches. 
These cutters cover practically all standard conditions. 

The size of cutter to use for cutting any certain gear is determined 
by the pitch and number of teeth in the internal gear. Assume, 
for instance, that it is necessary to cut an internal gear having 30 
teeth, 6/8 pitch, 20-degree stub-tooth form. The cutter to use can 
be found from Fig. 14. The pitch diameter of an internal gear 
having 30 teeth, 6/8 pitch, is 5 inches, and, as shown in Fig. 14, it 
would be necessary to use a 2-inch cutter having 12 teeth. 

Another question in connection with the selection of the cutter is 
illustrated diagrammatically in Fig. 10. On the Gear Shaper, the 
gear is withdrawn or relieved from the cutter upon the return stroke 
of the latter. 

Fig. 10 shows what happens when the cutter used is too large 
in diameter. The teeth of the cutter interfere with the unfinished 
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teeth of the internal gear when the cutter is on the return stroke. 
In other words, the cutter rubs against the teeth of the internal 
gear. A cutter of smaller diameter should be used. 
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The Gear Shaper Cutter Automatically Takes Care 
of Interference 


Fig. 11 is presented to show how the Gear Shaper cutter auto- 
matically removes the interference points from internal gear teeth. 
At A is shown a pinion having 18 teeth, 6 pitch, 14 1/2-degree 
involute form in mesh with an internal gear of 30 teeth, 6 pitch. 
Note here, that the difference between the number of teeth is 12, 
which is the smallest difference that is practical with the 14 1/2- 
degree involute system; but even with this ratio, it will be noticed 
that the internal diameter should be enlarged to the base circle. 

To illustrate how this pinion and gear can be operated together 
without enlarging the internal diameter, several diagrams are pre- 
sented. Diagram B shows the Gear Shaper cutter in contact with 
this internal gear. It will be noticed that the flank of the cutter 
removes stock from points of the internal gear teeth, which pre- 
viously showed interference with the pinion at A. The flanks of 
the cutter teeth in this case, however, have been laid out radially, 
and are not filled in sufficiently to remove all of the objectionable 
‘material. By filling in the flanks of the cutter teeth still further, 
as illustrated at C, all of this objectionable material is removed from 
the points of the internal gear teeth, so that, as shown at D, the 
pinion will now run correctly with the internal gear. 


Increasing the Internal Diameter 


A point which has not been fully explained is that of increasing 
the internal diameter. It can be stated with much logic that the 
part of the addendum of the internal gear tooth lying inside the 
base circle from which the involute is generated performs no useful 
function, and hence can be removed without affecting the tooth 
action of the internal gear. This excess material is indicated at A 
and B in Fig. 11, and it will be noticed that if the internal diameter 
of this particular gear had been increased to the base circle, the teeth 
of the gear would not have interfered with those of the pinion. 


Determining Location of Interference Point 


When the internal diameter of the internal gear extends inside 
the base circle, those portions of the teeth which extend inside the 
base circle will generally interfere with the flank of the pinion. 
Fig. 12 shows how this interference point is determined. Here it 
will be noticed that the interference point is at A, where the base 
circle of the pinion cuts the line of action. To find the amount 
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to which the internal diameter of the gear should be increased, draw 
a line from the center of the pinion to the point of tangency of the 
base circle of the pinion and the line of action. Then with a pair 
of compasses scribe an arc from the center of the internal gear and 
passing through the interference point A. This circle indicates the 
point to which the internal diameter must be increased to avoid 
“involute” interference. 


Smallest Internal Gear that Can Be Cut with Various Sizes 
of Gear Shaper Cutters 


The first problem to decide when cutting an internal gear is the 
proper cutter to use for the work. Knowing the pitch and pitch 
diameter of the gear, the size of cutter to use can be obtained by 
reference to the charts, Figs. 13 and 14. These charts have been laid 
out for cutters having pitch diameters of two, three, and four inches, 
respectively. Example: If the gear is of 8 pitch, 14 1/2-degree full- 
length involute teeth, and is 9 1/4 inches pitch diameter, a 3-inch 
cutter, as shown in Fig. 13, can be used. 


Width of Face that Can Be Cut 


(This information applies only to the 6 and 6A-type Gear Shapers) 


Тће factors which govern the maximum width of face that can 
be cut with different types of Gear Shaper cutters are illustrated 
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Fic. 12. — Diagram Illustrating the Term Known as “‘Involute Interfer- 
ence,” which Is Corrected by Increasing the Internal Diameter. 
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Fic. 13.—Diagram Illustrating Smallest Number of Teeth that Can Be 
Cut with a 2-, 3- or 4-inch Pitch Diameter, Gear Shaper Cutter, 14V5- 
Degree Pressure Angle, Full-length Tooth. 


diagrammatically in Fig. 15. When using standard 3- and 4-inch 
cutters, as shown at A, the lower face of the cutter-slide is the main 
limiting factor. The pitch of the cutter, as well as the amount that 
the cutter can be reduced in thickness by resharpening before it is 
unfit for use, also controls the face width. A coarse-pitch cutter, 
in proximity to the teeth, must be thicker when discarded than a 
fine-pitch cutter, because the cutter must be of sufficient thickness 
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to withstand the thrust of the cut. Тһе minimum face width for 
4 pitch, 4-inch cutters is indicated at A, and for 6 pitch, 3-inch cut- 
ters, at B. The face width which could be cut with new cutters 
would, of course, be greater than the dimensions given. 

When it is necessary to cut a wider face than that indicated at A 
and B for standard 3- and 4-inch cutters, or where the cutter must 
work close to a shoulder or into a recess, special deep-counterbore 
cutters as indicated at C and D are recommended. 

With the standard hub cutter, as shown at Е, it 15 the shoulder 
on the hub of the cutter which limits the face width. With the 
standard shank cutter, as shown at F, it is the lower face of the 
cutter holder. The hub cutter shown is 6 pitch, and the taper shank 
cutter 7 pitch. 

With a standard 4 pitch, 4-inch cutter, the minimum internal 
diameter of a gear of 3-inch face width which can be cut 15 251% 
inches, without modifying 
the cutter-slide or using spe- 
cial cutters. 


Clearance Space or Recess 
for Cutter to Run Into 


Another point that should 
receive careful attention in 
designing internal gears is to 
have a recess for the cutter to 
run into. This recess should 
be of sufficient width to allow 
an excess stroke of the cutter 
of 3/32 of an inch (this refers 
particularly to the spur cut- 
ter), and also to take care 
of chips, so that there will be 
no tendency for the chips to 
pack up and interfere with 
the action of the cutter. 
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Fic. 14.—Diagram Giving Similar 
Data for Use when Cutting Internal 
Gears of 20-degree Stub-tooth Form. 
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Fic. 15.—Diagram Illustrating Factors which Limit Maximum Face 
Width of Internal Gear that Can Be Cut with Standard 3- and 4-inch 
Disk Cutters, and Standard Hub and Taper Shank Cutters, also 
Special 3- and 4-inch Deep Counterbore Cutters (applies only to 
6 and 6A-type Gear Shapers). 
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Taste II—Minimum Width of Clearance Groove and Excess Travel of 
Cutter-slide for Cutting Spur and Helical Internal Gears. 


SHAPER CUTTER 


7 " 


Г 


ХУ; 


% 
” 
WIOTH OF 
INTERNAL GEAR BLANK — ЁД м оё, 


HELICAL GEAR SHAPER CUTTER 
EG 0 ll Ee ee ee! 
Pitch Groove w | Widthof | Width of Excess Excess 
of Gear Spur Groove w | Groove w | Travel of | Travel of 
To Cut Cutter 15° Helix | 23° Helix | Ram 15? | Ram 23° 
Angle  |Helix Angle|Helix Angle 


2564 1364 1764 
2364 
2164 
516 
1964 
942 
1764 
1764 





Table II gives the width of the groove w for internal spur and helical 
gears, and at the right-hand side of the illustration, accompanying 
Table II, is shown the relation of a helical Gear Shaper cutter to the 
recess and width of face of the gear. 

The helical cutter differs from the spur cutter in that the cutting 
faces of the cutter teeth are located at right angles to the helix angle 
of the teeth, and, consequently, it is necessary to provide a wider 
recess. Тһе graduations on the crankshaft for stroke are so laid out 
that the cutter-slide is given a stroke of 3/16 of an inch in excess of 
that stated by the graduations. This excess travel is sufficient in 
all cases for the spur cutter, but not for the helical cutter. 
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The clearance groove or recess, as given in Table II, for helical 
Gear Shaper cutters having helix angles of 15 and 23 degrees, re- 
spectively, is the minimum width of clearance groove that should 
be provided. It is advisable in all cases to have this groove as wide 
as possible, so as to provide plenty of chip space and obviate any 
liability of the cutter teeth hitting the lower face of the clearance 
groove. Greater care should be taken in setting the cutter for cutting 
an internal gear than is necessary on the average external gear, 
because of the “‘twisted”’ shape of the teeth on the helical cutter. 


Capacity of High-speed Gear Shaper for Internal Gears 


The High-speed Gear Shapers, intended for cutting internal gears, 
are designated as Nos. 72, 712, 725 and 7125. Machine Nos. 72 and 
712 are for spur gears only; whereas, Nos. 725 and 7125 are for helical 
gears, but can also be used for spur gears when equipped with straight 
guides and spur cutters. These machines are equipped with a cutter- 
spindle to hold taper shank cutters. An operating arm extension is 
also necessary, so that the cut- 
ter can be advanced beyond the 
center line of the work-spindle. 

These machines have a maxi- 
mum capacity of 5 inches internal 
pitch diameter, 6/8 pitch, 20- 
degree stub tooth. Hub and 
shank cutters are generally used, 
and limit, to a certain extent, the 
width of face that can be cut. 
Other limiting factors are pitch, 
pitch diameter and design of the 
gear. For average conditions, the 
face width that can be cut varies 
from1/4tolinch. Fig. 16 shows 
the cutter-spindle, guide and cut- 
ter-spindle adapter used on the 
Nos. 72 and 712 High-speed Gear 
Shapers; also type of cutters that 
can be used. Drawings of gears 
to be cut on these machines should Fic. 16.—Cutter-Spindle, Adapter 
always accompany any request and Type of Cutters Used on 


for information on capacities, etc. the Nos. 72 and 712 Gear 
B Shapers for Cutting Internal 


Spur Gears. 





СНАРТЕН Ш 


Graphical Analysis of Gear Tooth Action 


We will now illustrate, graphically, the slippage of internal gear 
teeth by selecting the following tooth ratios: 12 to 20 teeth and 
12 to 48 teeth; these give in the first case a ratio of 1 to 1.66, and 
in the second case a ratio of 1 to 4. The ratio 12 to 20 teeth (which 
is a difference of 8 teeth) will show, when compared with the ratio 
19 to 48 teeth, that as the number of teeth in gear and pinion ap- 
proach each other, the difference between the relative slippage is 
in favor of the internal over the external gear. Тһе 12- to 48-tooth 
ratio will indicate that the internal gear is more efficient than the 
external gear for reduction purposes, because both slippage and 
wear are reduced. 


Comparative Analysis of 12 and 20 Teeth, External Gear 
and Pinion 


J As an example, we will analyze the slippage between а pinion 
and external gear of 12 and 20 teeth, 6/8 pitch, 20-degree stub- 
tooth form. The reason for selecting the stub-tooth is to give the 
external gear every possible advantage. 

Тће first step is to lay off on an enlarged scale (a complete descrip- 
tion of a method of laying out an involute gear tooth is given in 
detail in Chapter VI) of four to one, one side of the pinion and 
gear teeth, having the involutes of the teeth tangent at the pitch 
point. To do this, draw the pitch circle, the outside diameter 
circle and base circle of the pinion; and the pitch circle, outside 
diameter circle and base circle of the gear. Тһе location of the 
base circle is determined by the line of action and a radial line drawn 
from the center of the gear and at right angles to the former (see 
point A, Fig. 17). 

Тће interference points for the pinion and external gear аге deter- 
mined, as shown in Fig. 17, by the location of the base circles of 
the gear and pinion and the line of action. "The interference point 
for the pinion is at А, where a line drawn from the center of the 
gear and at right angles to the line of action cuts the latter. With 
a pair of compasses, set with the needle point on the center of the 
pinion and the pencil point on the interference point, scribe an arc 
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Fic. 17.—Diagram Illustrating the Tooth Action between an External 
Gear and Pinion of 20- and 12- Tooth Ratio, 20-degree Pressure Angle 
Stub Teeth. Тһе Alternate Shaded Divisions of the Involute Curves 
of this Diagram Show those Portions of each Curve that Are in Con- 
tact with each other during ап Equal Pitch Line Movement of the 
Gears. Corresponding Mating Surfaces Are Lettered, а, ал, b, Б, etc. 


cutting this point. "This arc indicates the point to which the tooth 
of the pinion could be lengthened before it would interfere with the 
tooth of the external gear. 

Likewise, the interference circle for the gear tooth is determined 
by scribing an arc cutting the interference point B. Involutes are 
now constructed to these interference points, as shown in F ig. 17. 
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Next, lay off divisions on the base circle of the gear and pinion, 
and from these points draw radial lines to the center of the pinion 
and gear, respectively; then draw lines tangent to the base circles 
from these divisions, thus dividing the involute curves into the 
same number of parts as the base circles. 

The lengths stepped off on both base circles should be equal, and, 
in each case, should start from the points A and B, working on 
both sides of these points. By trial, find the spacing that will 
divide up equally between the points A and Cand Band D. Points 
С and D are located by first drawing a line from the points Е and F, 
where the involutes cut the interference circles, tangent to the base 
circles. Radial lines are then drawn from the centers of gear and 
pinion at right angles to these tangent lines just completed. 

Now, there is one more point to note regarding the divisions of 
the base circle, and that is, when the teeth of both gear and pinion 
are lengthened to the interference points, the lengths of the arcs 
of both base circles from the points C to G and D to H are equal, 
and hence will space off equally. 

The diagram is now complete with the exception of darkening 
each alternate mating zone on the gear and pinion tooth, and let- 
tering each mating zone, a, а, b, bı, etc. The width of these zones 
indicates the amount that the involute curves of the teeth move 
as compared with the movement of the two gears represented by the 
divisions of the base circles. The variations in the widths of the 
mating zones on the gear and pinion tooth, respectively, indicate 
the amount of slippage that takes place when the gears are rotated 
in mesh with each other. 

In order to see more clearly the relation between the mating 
surfaces of the gear and pinion tooth, develop the involute curves 
in Fig. 17 into straight lines. This has been done in Fig. 18 in 
the following manner: A horizontal line is first drawn representing 
the pitch line, and at right angles to this, the two vertical lines 
AB and CD are constructed. By means of a pair of dividers, space 
off on the line AB the divisions of the involute tooth curve of the 
gear, starting at the pitch line and spacing off the addendum and 
dedendum, as indicated on opposite sides of the pitch line. Now, as 
the addendum of the pinion is in mesh with the dedendum of the 
gear, and vice versa, space off on the line СР the divisions of the 
addendum of the pinion above the pitch line, and the dedendum 
below it. All of these spaces, of course, are measured off on the 
involutes, so that the length of the addendum is spaced off on these 
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Fic. 18.—Involute Curves of Fig. 17 Developed into Straight Lines. 
Note:—Section of Diagram Printed in Red Ink Shows the Actual 
Amount of Tooth Contact on each Side of the Pitch Line for a Gear 
апа Pinion of 20- and 12-tooth Ratio. Angular Position of Lines 
Relative to Pitch Line Indicates Amount of Slippage. 


vertical lines would actually be greater than the addendum as meas- 
ured on a radial line on the gear tooth. 

To find the amount of actual tooth contact of both pinion and 
gear tooth, refer again to Fig. 17. Here the actual surface con- 
tact on the gear tooth inside the pitch line is determined by the 
outside diameter of the pinion tooth and the line of action. Where 
this circle cuts the line of action is the point where contact on the 
gear tooth ceases. Now, scribe an arc from the center of the pinion, 
passing through the point 7, and continue this to the involute curve 
of the tooth. Where this arc cuts the tooth is the point where соп- 
tact on the gear tooth ceases inside the pitch circle. 
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Likewise, the point where the outside diameter circle of the gear 
cuts the line of action determines the location of point 7. By 
scribing an arc through this point from the center of the pinion, 
it will be noticed that in this case it practically coincides with the 
base circle, and is not inside the interference point. The base 
circle in this case then indicates where contact starts on the pinion 
tooth inside the pitch circle. (Note:—The method just outlined for 
finding the full length of contact can be used for our analysis of 
slippage if so desired. As will be explained in connection with the 
internal gear, these points indicate the amount of tooth contact for 
an equal pitch line movement of both gears, and hence cover the 
same ratio of involute surface on the teeth as the ratio between 
the two gears in mesh.) These distances are then measured off 
along the curves and transferred to the drawing shown in Fig. 18. 
The actual amount of tooth surface contact on pinion and gear 
tooth, respectively, is found by adding the addendum to that por- 
tion of the dedendum which is in actual contact. This section is 
indicated in Fig. 18 by the portion which is printed in red ink. 


Comparative Analysis of 12 and 20 Teeth, Internal Gear 
and Pinion 


We will now analyze the action of an internal gear and pinion 
of the same tooth ratio as used in Fig. 17. To construct the dia- 
gram, proceed as shown in Fig. 19. First, lay off three circles indi- 
cating the outside diameter, pitch circle and base circle of the 
pinion; root diameter, pitch and internal diameter of the internal 
gear, the pitch circle of pinion and gear intersecting on the vertical 
center line. Тһе base circles for both internal gear and pinion, of 
course, are determined by the line of action, as illustrated. Соп- 
struct the involute tooth curves for the pinion and internal gear, 
respectively. This is accomplished in the manner previously referred 
to. In this illustration, for the sake of clearness, all parts of the 
internal gear are printed in red ink, and those of the pinion in black. 

To determine the amount of slippage between the internal gear 
and pinion, space off equal divisions on the base circle of the gear 
and pinion, starting with the point 4 for the pinion, and B for 
the gear. First, however, draw a tangent line to the base circle 
from the point where the involute curve of the pinion tooth cuts 
the outside diameter of the pinion tooth. Then draw a radial line 
from the center of the pinion at right angles to this tangent line. 
Point C indicates where the base circle divisions terminate. 
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Fic. 19.—Diagram Illustrating Tooth Action between a Pinion and 
Internal Gear of the Same Tooth Ratio and Pressure Angle as that 
Illustrated in Fig. 17. 

Note:—In this Case the Alternate Shaded Divisions Show that 
There Is Considerably Less Slippage between a Pinion and Internal 
Gear than between an External Gear and Pinion. All Parts of 
the Internal Gear Are Indicated by Red Ink. 


By trial, find any number of equal divisions that will space off 
between the points A and C and split this arc of the base circle into 
an equal number of parts. Then start with the point A again and 
work: on the reverse side over towards the involute curve of the 
pinion tooth, as illustrated. It is unimportant, whether this arc 
from C to F divides up into an equal number of spaces or not, the 
important point is that the last divisions on the base circles for gear 
and pinion should be of the same length. 

Now, determine the points on the internal gear tooth where 
contact starts and finishes. The point where contact starts is 
indicated on the drawing as pinion tooth interference point А“. 
Scribe an arc through this point from the center of the internal 
gear. Where this arc cuts the involute of the internal gear tooth 


* Actually, this would not be so, because the 12-tooth pinion would be slightly 
undercut, preventing it from contacting with the gear tooth until it had advanced 
further along the line of action; but for this analysis, we can consider the interference 
point as the starting point of action. 
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is the point where contact on the internal tooth commences. Hence, 
no action can take place inside this point, which is referred to as 
interference circle in the illustration. With a cutter of the Gear 
Shaper type, the material inside the interference circle, which would 
interfere with the teeth of the pinion, is automatically removed. 
The point where action finishes on the internal gear tooth is also 
determined by the pinion tooth, and is located at the point where 
the outside diameter circle of the pinion tooth cuts the line of action. 
This has been indicated аз “епа of contact point". Scribe an arc 
from the center of the gear cutting this point, and continue it to the 
involute of the tooth. This then determines where action finishes 
on the internal gear tooth. 

Next, draw a line from the point where the “end of contact circle” 
cuts the involute and tangent to the base circle of the internal 
gear. At right angles to it, or from point D, draw a line to the 
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Fic. 20.—Involute Curves of Е ig. 19 Developed into Straight Lines. 

Note:—Section of Diagram Printed in Red Ink Shows the Actual 

Amount of Tooth Contact on each Side of the Pitch Line. Also Note 

that the Amount of Slippage between the Addendum of the Pinion 

and the Dedendum of the Gear Is Much Less than between the Deden- 

dum of the Pinion and the Addendum of the Gear. Note, also, in 

this Case, that the Teeth Have Been Cut Off at the Point of Maximum 
Contact and Are Not Developed to the Point of Interference. 
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Fic. 21.—Diagram Illustrating Tooth Action between External Gear 
and Pinion of 48- and 12-tooth Ratio. The Alternate Shaded 
Divisions of the Involute Curves in this Diagram Show those Por- 
tions of each Curve which Are in Contact with Each Other during 
an Equal Pitch Line Movement of the Gears. Corresponding Mat- 
ing Surfaces of the Gears Are Lettered, а, ал, b, bi, etc. 


center of the internal gear. Тһе arcs of the base circles of pinion 
and gear between the points 4 to C and B to D will space off into 
the same number of divisions and of an equal length. Тһе diagram 
is now completed up to the point where it is necessary to divide 
the base circles and also the involute curves of the pinion and in- 
ternal gear. This procedure is followed in exactly the same way 
as that described in connection with Fig. 17. Then the divisions аге 
taken off this diagram and transferred to a second diagram, illus- 
trated in Fig. 20, where the involutes are developed into straight 
lines, this process also being the same as that described in connec- 
tion with Fig. 18. 


Determining Relative Slippage between Internal and 
External Gear Teeth 


These diagrams can now be used to compare the relative 
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slippage between the internal gear and pinion, and the external gear 
and pinion of the same tooth ratio. 


INTERFERENCE POINT 


ù 
м А 
БЇР 
< 
НЕ 
г 
ош 
ОЕ 
ш 
Ф 
218 
ДЕ 
о 
zlá 
шіт 
- 
3 
= 
2l 
dE 
<|- 
= 


ТН ОҒ ТООТН СОМТАСТ 


rj | 
UAL LENG 
Ч & 


> 


- 
о 
< 
- 
= 
о 
о 
с 
к 
о 
о 
- 
ц. 
о 
т 
= 
2 
ш 
E 
E 
« 
2 
Е 
о 
< 


| Lxx шы a 


MAXIMUM LENGTH OF 


TOOTH CONTACT WHEN 
€ 
INTERFERENCE POINT 
DEDENDU 
ii 


DDENDUM 


т 


48-ТООТН 
EXTERNAL GEAR 


Fic. 22.—Involute Curves of Fig. 21 Developed into Straight Lines. 
Note:—In this case, the Involute Curves of the Teeth Have Been 
Developed to the Point of Interference. Portion Printed in Red 
Ink I ndicates Actual Amount of Tooth Contact. 
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A close inspection of these two diagrams, Figs. 18 and 20, will 
reveal that the relative slippage between the internal gear and 
pinion and the external gear and pinion is greatly in favor of the 
internal gear and pinion. Proceed by measuring the addendum and 
“used portion” of the dedendum of the external gear and pinion, 
as given in Fig. 18, and tabulate the results. 


Slippage between External Gear and Pinion, 12-20 Tooth 


Ratio 
Length of Slippage, 
surface contact inches per 
Tooth Part in inches tooth 

Сиағ addendum . „б.с. У оаа 0.1875 
Pinion дедепдит..................... 0. $607] ышы 
Pinion addendum. ... 2:.............. 0.145 | 0.070 
Gear авалцан... ОЬ а... 0.075 | 


Total slippage рег tooth = 0.070 + 0.0775 = 0.1475 inch. 


Referring now to Fig. 20, the slippage between the internal gear 
and pinion is: 


Slippage between Internal Gear and Pinion, 12-20 Tooth 


Ratio 
Length of Slippage, 
surface contact inches per 
Tooth Part in inches tooth 
Internal gear addendum................ 0.090 | 
Pinion дедепдит..................... 0.0575/ кое 
ER 4 
Рок касне 05... . 7... амы 0.1495 | 0 0175 
Internal gear dedendum................ 0.1250 


Total slippage per tooth = 0.0325 + 0.0175 = 0.050 inch. 

The total slippage between the teeth of the external gear and 
pinion is 0.1475 inch;.whereas the total slippage between the internal 
gear and pinion is only 0.050 inch. In other words, there is prac- 
tically three times as much slippage present between the external 
gear and pinion. 


Comparative Analysis of 12 and 48 Tooth, External Gear 
and Pinion 


A comparison of 12 and 48 teeth shows that the internal gear 
is more efficient than the external gear for reduction purposes. 
The external gear and pinion are represented diagrammatically in 
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Fig. 21. This diagram is constructed along exactly the same lines 
as that of Fig. 17, and hence needs no description. The involute 
curves have been developed into straight lines in Fig. 22, where 
the actual length of tooth contact between the external gear and 
pinion is shown. 
Comparative Analysis of 12 and 48 Tooth, Internal Gear 
and Pinion 

The diagram for the internal gear and pinion of 12 and 48 teeth 
is illustrated in Fig. 23, and is constructed along exactly the same 
lines as Fig. 19. The involute curves in Fig. 23 are developed 
into straight lines in Fig. 24. 


Slippage between External Gear and Pinion, 12-48 Tooth 


Ratio 
Length of Slippage, 
surface contact inches per 
Tooth Part in inches tooth 

Gieasb.addendum. о ваља ено а 0. 1350 
Pinion dedendum..................... red s 
Pinion addendum. .................... 0.140 | 0.070 
Gear дедепдит ....................... 0.070 | 


Total slippage рег tooth = 0.0725 + 0.070 = 0.1425 inch. 


Slippage between Internal Gear and Pinion, 12-48 Tooth 
Ratio 


END OF CONTACT END OF CONTACT CIRCLE 
POINT 


INVOLUTE OF PINION TOOTH 


COMMON TANGENT 
! 


cep aes === шаал ee 
b 


ieee =. 


- 


PINION GEAR | BASE CIRCLE 
12 TEETH, 6/8 PITCH 
20?STUB TOOTH 


20 DEGREES 
4 
! 


INTERNAL GEAR CENTER OF PINION 
48 TEETH, % PITCH 
20 STUB TOOTH 





Fic. 23.—Similar Diagram to Fig. 19, except that It Shows an Internal 
оо Having 48 Teeth and а Pinion ој 12 Teeth in Mesh with Each 
ther. 
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Fic. 24.—Diagram Illustrating Involute Curves of Fig. 23 Developed 
into Straight Lines. A Comparison of this Illustration with 
Fig. 17 Will Show that as the Difference between the Number of Teeth 
in the Pinion and the Number of Teeth in the Gear Is Increased, the 
Slippage between the Teeth Is also Increased. The Slippage, how- 
ever, which Takes Place between an Internal Gear and Pinion 13 
Always Much Less than that which Takes Place between an External 
Gear and Pinion of the Same Pitch, Pressure Angle and Tooth Ratio. 


Referring to Fig. 24, the slippage between the internal gear and 
pinion tooth is: 
Length of Slippage, 


surface contact inches per 


Tooth Part in inches tooth 
Internal gear addendum................ 0. чар) 0 0414 
Pinion dedendum..................... 0.0712 
Pinion addendum..................... 0. ien 
Gear дедепдит....................... 0.1125 ues 


Total slippage per tooth = 0.0413 + 0.0325 = 0.0738 inch. 


The total slippage between the external gear and pinion is prac- 
tically twice as great as between the internal gear and pinion. 


СНАРТЕК 1У 


Internal Helical Gear Design 


Helical gears operating on parallel axes are virtually spur gears 
with their teeth twisted. This twisting of the teeth makes helical 
gears operate more smoothly than spur gears. In a spur gear and 
pinion, there are three distinct phases of engagement: 1, the flank 
of the (driving) pinion tooth engages the face of the gear tooth; 
2, the teeth are in engagement near the pitch line; 3, the face of 
the (driving) pinion tooth engages the flank of the gear tooth. The 
teeth are only in contact at the pitch line for a small part of their 
engagement. 


The Theory of Helical Gearing 


Suppose we rivet together two spur gears, setting the teeth of 
one in advance of the other a distance equal to one-half the circular 
pitch. We now have six instead of three phases of engagement, 
By carrying this still further and using a series of laminated gears. 
as shown in Fig. 25, the number of phases of engagement is greatly 
increased until, if it were possible to use a series of laminations of 
infinitesimal thickness, the pitch point of action of the gears would 
develop into a helix, and if this had an advance equal to the circular 
pitch in the face width of the gear, we would have what is known as 
continuous helical action. It should be understood, however, that 
as far as the length of the line of action is concerned, this is the 
same as for two spur gears of the same pitch, tooth length, etc. 
The essential difference is that a helical gear, when properly de- 
signed and cut. is always in contact at the pitch line in some one plane. 

Spur gear tooth action can be clearly seen by holding a pair of 
gears in the hands and rolling them together. It will be noticed 
that as the teeth come into engagement, the sliding action is in 
one direction; then as the point of contact reaches the imaginary 
pitch line the action is reversed and the teeth slide in the opposite 
direction. In other words the direction of sliding is reversed on 
the teeth as the contact point passes the pitch point. In the helical 
gear this so called “rolling action" or pitch point contact takes place 
progressively from one plane, or imaginary lamination, to the adjacent 
plane, until the entire width of face has been covered. 
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Fic. 25.—Diagram Showing How a Series of Laminated Spur Gears 
with the Teeth Set at an Angle Give Similar Tooth Action to a 
H elical Gear. 


The advantages of the internal spur gear over those of the external 
spur gear were explained in Chapters I and ІП. Тһе internal helical 
gear possesses all of the advantages that the internal spur gear has 
over the external spur gear, and, in addition, all of the advantages 
that the helical has over the plain spur gear. 


" Diametral"" and Normal Planes 


There is one distinction between a spur and helical gear which 
seems to confuse the average mechanic,—it is that a helical gear can 
be viewed from two planes, commonly known as the normal plane 
and the “diametral” plane, or plane of rotation. These two points 
sometimes cause confusion and result in unsatisfactory design of 
helical gears. Тһе plane of rotation of a helical gear, as shown in 
Fig. 26, refers to the outline of the tooth as it is viewed from a posi- 
tion parallel with the face of the gear blank. Тһе normal plane 
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is the shape of the tooth lying in a plane at right angles to the helix 
angle of the tooth. 


Relation between Axial Thrust and Helix Angle 

A certain mathematical relation exists between the helix angle 
and axial thrust of helical gears, and is a measure of the load car- 
ried by the teeth. Reference to Fig. 27 will show that the tan- 
gential load c on the tooth can be resolved into two components, 
а and b. Component a represents the total tooth load, and b the 
axial thrust. By the law of triangles, a is the secant of the helix 
angle, and b the tangent. "Therefore, the secant times the tan- 
gential load gives the total tooth load on the normal section of 


the tooth. Rule No. 11. 
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Fig. 26.—Diagram Giving Notation of Tooth Parts of an Internal 
Helical Gear and Pinion. 
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Fic. 27.—Diagram Showing How an Increase in the Helical Angle 
Greatly Increases the Axial Load. Diagram also Shows Relation 
between Total Tooth Load and Axial Thrust. 

The tangent of the helix angle times the tangential load gives the 

axial thrust. Rule No. 12. 

Example:—Assume that it is desired to find the total tooth load 
and the axial thrust of a pair of helical gears having a helix angle 
of 15 degrees, and carrying a tangential tooth load of 500 pounds. 
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Total tooth load = secant 15? x 500 = 1.0353 x 500 = 517.6 pounds. 
Axial thrust = tangent 15° x 500 = 0.2679 x 500 = 133.9 pounds. 

An inciease in the helix angle, as shown at В and С in Fig. 27, 
increases the total tooth load and also the axial thrust, until if the 
angle is increased to 45 degrees, the axial thrust equals the tangen- 
tial tooth load, and the total tooth load becomes 41 1/2 per cent 
greater than the tangential tooth load. 

In addition to imposing a greatly increased load on the tooth, a 
steep helix angle also reduces the cross-section of the tooth on the 
normal plane, and hence weakens it, making it less capable of carry- 
ing the greatly imposed load. "This can be clearly seen at D, E and 
F, Fig. 97, where the outlines of the tooth in two planes (normal 
and ''diametral" or plane of rotation) have been superimposed for 
comparison. А moderate helix angle is to be preferred, in order 
that the axial thrust may be kept within practical limits. 


TaBLE ПІ-Міттит Width of Face for Continuous Helical Action 
of Helical апа Herringbone Gears. 
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Fic. 28.—Diagram Showing Direction of Thrusts on Herringbone 
Gear Teeth. 


In the foregoing analysis, the effect of friction between the teeth, 
and its reaction to the axial thrust has not been considered. This 
factor is governed by so many other variables, such as lubrication, 
etc., that it is impossible to calculate with any degree of certainty 
how much friction between the teeth reduces the axial thrust. 


| Width of Face for Herringbone Gears 


The width of face for continuous helical action of helical and 
herringbone gears is given in Table III. Reference to the illus- 
tration accompanying the table will show that for a herringbone 
gear in which the teeth are matched, the total width of face re- 
quired is equal to twice the width of face of a plain helical gear, 
plus the width of the clearance groove. By staggering the teeth, 
the total width of face of a herringbone gear can be reduced, so that 
it is equal to the width of a plain helical gear, plus the clearance 
groove. 

Tooth Action of Herringbone Gears 

In a herringbone gear, the tooth action is similar to that of a 

plain helical gear, with the exception that there is no end thrust 


exerted outside of the gear teeth themselves. This will be clearly 
seen in Fig. 28, where the arrows show the direction in which the 
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load thrusts are transmitted to the teeth. The end thrusts are, of 
course, transmitted toward the center of the gear, resulting in greater 
friction at the center than at the outer ends of the teeth. 

With a slight helix angle, the friction or "binding" action caused 
by the end thrust is barely perceptible, but with an angle which 
is greater than the angle of repose for the materials in contact, 
there is a tendency for the teeth to bind or wedge at the center. 
Owing, however, to the fact that properly designed herringbone 
gears are in contact in some one plane at the pitch line, there is 
always a rolling contact taking place at the same time as other 
parts of the teeth are slipping on each other. This tends to throw 
the load to the pitch line, where the load is taken with the teeth 
rolling on each other. It is advisable, however, to keep the helix 
angle down to moderate angles, and practice has demonstrated that 
for the majority of cases, a helix angle not exceeding 23 degrees gives 
the best results. 


Calculating Tooth Parts of Internal Helical Gears 


The tooth parts of an internal helical gear, іп the “diametral” 
plane or plane of rotation, are obtained by the rules and formulas 
used for ordinary spur gears. When it is necessary, however, to 
determine such dimensions as the normal tooth thickness, normal 
pressure angle, etc., the helix angle of the teeth must be considered. 
When helical gears are cut by the Fellows Gear Shaper method, it is 
not necessary to take the normal tooth shape into consideration, as 
all dimensions are figured in the “diametral plane", the Gear Shaper 
cutter being designed to cut the correct tooth parts in the plane of 
rotation. For the benefit of those who find it necessary to transfer 
the tooth dimensions from one plane to the other, the following 
example is given: 

Assume that it is necessary to determine the dimensions of a 
helical gear tooth in the normal plane having the following data: 
15 teeth, 7/9 pitch, 20-degree stub tooth, 25 degrees 25 minutes 
helix angle. The dimension of the teeth in the “diametral” or 
plane of rotation are: 


Number of Teeth, (Nd). ................ 15 
Diametral Pitch, (DP). ................. 7/9 

Pitch Diameter, (РПА).................. 2.1498 inches 
Pressure Angle, (УР)................... 20 degrees 
Circular Thickness, (CTh). .............. 0.2244 inches 


Helix Angle, (УН) посве eS Rn 98 degrees, 25 minutes 


44 THE INTERNAL GEAR 


Normal Plane 
: ха 15 
F = -----ш = —— = 95 
PIE of Teeth, (Nn) Gos? VH ^ 07727 19.4125 
DP _ 7 7.6983 
Cos. УН 0.91764 0 
Nn 19.4125 _ 


Pitch Diameter, (PDn) = DP = 7.6983 = 2.5448 inches 


Normal Circular Thickness, (NCTh) = ae = 0.9059 inches 
Normal Pressure Angle, (VNP) = Tangent of Normal Pressure 


Angle = Tan. 20° x Cos. 23° 257 = 18° 98” 


Normal Diametral Pitch, (NDP) = 








СНАРТЕК У 
Strength ој Gear Teeth 


The strength of a gear tooth is dependent upon many factors, the 
most important of which are listed in the following. Most of these 
factors, however, are of such a varying nature that no attempt 
will be made in the limited space available to do more than explain 
them. In designing a gear tooth for strength, the material, pitch 
and form of the tooth is of first importance, and this subject will be 
dealt with in detail for spur, helical, external and internal gears. 


Principal Factors Governing the Strength of 
Gear Teeth 


Following are some of the principal factors governing the strength 
of gear teeth: 

1. Material. 

2. Diametral Pitch. 

3. Form and shape of tooth, which embraces pressure angle, 
length of addendum, and inclination of tooth bearing with 
relation to axis of gear. 

4. Number of teeth and tooth ratio of gears in mesh. 

5. Velocity. 

6. Accuracy of, and method of mounting. 

7. Reversal of motion. 

8. Backlash, as it affects the thickness of the tooth. 

Material:—It is self-evident that some materials will resist wear 
and withstand greater pressures than others. Consequently, ma- 
terial is an important factor. The method generally used for taking 
care of the material factor is to determine a safe stress for the material 
in question, this safe stress being considered as 2/3 of the ultimate 
strength for cast iron, and 2/8 the elastic limit for steel. 

Pitch:—The pitch, shape of tooth, and number of teeth are generally 
considered together, as will be explained in the following. 

Number of Teeth:—The greater the number of teeth, the stronger 
the gear, other conditions remaining the same. This is particularly 
so with gears having а 14 1/2°-pressure angle, because with small 
numbers of teeth a certain amount of undercut is unavoidable, this, 
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of course, weakening the tooth at the base, where the resultant load 
must be taken саге of. The number of teeth in mesh, which 15 
governed by the pitch and ratio between the gears, bears a direct 
relation to the strength of the teeth. 


Velocity:—The strength of a gear tooth under static load, or at 
rest, is generally considered as being much greater than when it is 
operating under load at high speeds. The reason for this is that 
the impact is much greater, and stresses are introduced which do 
not exist when the gears are operating at comparatively low speeds. 


Accuracy of Mounting:—In calculating the strength of gear teeth, 
it is generally taken for granted, unless otherwise specified, that the 
gear teeth will have full face-length bearing. This condition, how- 
ever, is only realized when the gears are accurately cut, and when 
the shafts upon which they are mounted are in alignment. It is 
easy to conceive of conditions where the shafts would be out of line 
with each other, preventing the teeth from contacting for their entire 
face width. When such conditions are likely to prevail, they should 
be taken into consideration. 

Reversal of Motion:—This factor need seldom be considered, but 
there are cases where gears must be reversed at comparatively high 
speeds, and a higher factor of safety is then necessary. 

Backlash:—Backlash slightly weakens the tooth, if it is obtained by 
reducing the tooth thickness, but this factor is seldom considered. 


Conditions of Operation 


In designing gears for satisfactory operation there are, in general, 
two conditions which must be met: 


1. Pitch and face width of tooth necessary to resist wear. This 
requirement is particularly important when the gears are to transmit 
the maximum load most of the time. 


2. The tooth must be of such proportions as to successfully resist 
fracture at full load. This is important when the load is not constant, 
and the gears are to transmit full load only part of the time. 

In some cases, the gears must be made strong enough to resist 
fracture, and at the same time proportioned to resist wear; whereas, 
in others, wear or durability is the all-important factor. The question 
of durability has become of greater importance since the introduction 
of alloy steels, because of their inherent greater strength when properly 
heat treated. 
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Quite frequently a few gears of a set wear out, while others stand 
up well, yet all were calculated to work at the same bending stresses. 
It is generally believed that a coarse pitch does not help to resist the 
breaking down of the tooth surface. This is a question of choosing 
the proper material, heat treatment, and, in some cases, tooth shape. 
The diameter and face width of the gear combined determine the 
area of contact, or summarizing: 


1. High resistance to bending stresses is no measure of the tooth’s 
resistance to abrasive wear. 


9. A coarse pitch does not always help to resist the breaking down 
of the tooth surface. 


4. The diameter and face width combined determine the area of 
contact. 


4. Shortening the addendum of the tooth increases its strength, 
but does not necessarily increase its durability. 


5. The pitch of the tooth should be only sufficient to resist frac- 
ture, durability is obtained by increasing the diameter and 
аге of tooth surface contact, assuming the same material 
and treatment. 


Determining Strength of Gear Teeth 


The generally accepted method of determining the strength of 
gear teeth is the "Lewis" formula, supplemented by the “Barth” 
formula for the velocity or effect of speed factor. The "Lewis" 
formula does not consider all of the factors previously mentioned, 
but it has given satisfactory results for the ordinary run of gearing. 

The “Barth” formula is not generally considered satisfactory for 
circumferential speeds exceeding 1200 F.P.M., where under test it 
has been noticed that there is a decided rise in stress due to errors in 
pitch line velocity and the resulting vibration. It is generally 
believed that stresses in gear teeth operating at high speeds, due to 
the impact of the teeth, do not increase directly with the speed, but 
as the square of the pitch line velocity. 

At high speed there is created a so-called “increment load" caused 
by tooth deflections, and still more so to irregularities in tooth out- 
line, these resulting in retardations and accelerations of the applied 
load. If it were possible to conceive that the materials used for gears 
were perfectly rigid, and that the teeth could be made absolutely cor- 
rect, then gears would transmit the same load at high, as at low speeds. 
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Fic. 29.—Diagram Illustrating Graphical Method of Derivation of the 
Lewis Formula for Strength of Gear Teeth. 


The impossibility, however, of attaining high speeds without vibra- 
tion makes this objective unattainable. Therefore, the capacity 
of gears made from commercial materials and with commercial 
accuracy, can be considered for all practical purposes, as decreasing 
with the square of the pitch line velocity. 

Any slight irregularity in the pitch line velocity produces stresses, 
which, in turn, cause deflections that wear the tooth out of shape. 
The belief that the strength decreases as the square of the pitch 
line velocity, due to impact, suggests the necessity for the greatest 
possible accuracy in workmanship and mathematical accuracy of 
design for tooth outlines for gears that are to operate at high speeds 
with imposed heavy loads. 


Determining Location of Weakest Section of Tooth 


“Тһе following description covers a diagrammatic method for 
determining the weakest section of a gear tooth, which is based on 
the "Lewis" formula. Reference to Fig. 29 will explain this analysis 
which is based on the assumption that all of the load P on the gear 
tooth is concentrated at the end of the tooth, and that the force P is 
always normal to the involute, or tangent to the base circle. Тһе 
actual force is resolved into a tangential force Т and a radial force R. 
The tangential force produces a bending stress on the tooth, whereas 
the radial force produces a uniformly distributed compressive stress. 
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To determine the weakest section of the tooth, a parabola is con- 
structed with its apex passing through the point of application B 
of the tangential force T, and tangent to the tooth profile at C which 
is assumed to be the weakest section. Тһе parabola thus constructed 
encloses a cantilever beam of uniform strength, the weakest section 
of which lies in the plane CEF, or the base of the parabola. 

The first step in determining the weakest section, assuming that 
the tooth outline has already been constructed, is to draw a line 
represented by force P passing through the extreme point A of the 
tooth, cutting the center line RD and tangent to the base circle. The 
point B where this tangent or pressure line cuts the center line of the 
tooth indicates the apex of the parabola. 

There are several methods in use for locating the weakest section 
of a gear tooth. What might be called а ‘Ч та] and error" method 
is illustrated in A, Fig. 30. It consists, as shown, in drawing a series 
of curves as represented by а and b, and then constructing right 
angle triangles, as shown. Тһе distances с and d are the "strength" 
values. А series of such curves and triangles are drawn until the 
distances as indicated by c and d are found to have the lowest value, 
which indicates the weakest section of the tooth. If the diagram for 
the tooth section is drawn to a sufficiently large scale—preferably 10 
to 1—fairly accurate results can be obtained by this “‘trial and error" 
method. 
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Fic. 30.—Two Methods of Determining Weakest Section of Gear Tooth. 
A Shows Method of Constructing a Parabola by Drawing an Irregu- 
^ Curve. В Shows Method of Calculating Weakest Section of 

ooth. 
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Fic. 31.— Comparison of Strength between а 12-tooth Pinion of 7-pitch 
14V$-degree Involute, and 12-tooth 20-degree Stub Tooth of 7-9 
Pitch. Note:—Stub Tooth Is 75 per cent Stronger than the 14V$- 
degree Involute. 


Combined Graphical апа Mathematical M ethod 


In the method just described, the weakest section was located 
graphically. Тһе following is more difficult and laborious, but 
possesses the advantage of greater accuracy. Іп its primary steps, 
as shown at B in Fig. 30, it does not differ from that shown at A, 
up to the point where the weakest section is to be located. After 
constructing the tooth (which should be drawn to an enlarged scale, 
preferably 10 to 1), draw a series of parallel lines, e, е, ез, etc., 0.100- 
inch apart, and at right angles to the vertical center line of the tooth; 
then draw a parallel line f passing through the intersection point 1. 
We now, by trial calculations, determine the weakest section of the 
tooth. 

To proceed, measure the length of the line e, which is the distance g; 
square this distance 0 and divide it by distance h: this gives the 
value shown in the illustration. For example, g — 0.1188 and 
ћ = 0.17-inch. 0.1188? + 0.17 = 0.08309. Proceed in this manner, 
starting well above what appears to be the weakest section and 
continue until the values obtained reduce and then start to increase 
again. Тһе smallest value indicates the weakest section of the tooth. 

At B in Fig. 30, the tooth profile appears as five times actual size, 
but the results of the calculations are given as though the tooth 
were drawn to the actual size. Distance 02 squared divided by h gives 
0.07606 which lies in between 0.08026 and 0.07938. In order to 
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prove that 0.07606 indicates the weakest section of the tooth, cal- 
culations can be made on each side of the line e; taking spaces 
0.010-inch apart. In this way it is possible to determine very 
accurately the exact mathematical location of the weakest point. 


Effect of Pressure Angle and. Tooth Length on 
Strength of Tooth 


To show the effect of an increased pressure angle and shorter 
addendum on the strength of a gear tooth, two examples will be 
taken and the strength values obtained as explained in connection 
with illustration B, Fig. 30. In Fig. 31 this comparison is made 
between two 7-pitch, 12-tooth pinions, one having a 14 1/2-degree 
pressure angle with full-length addendum, and the other 7/9 pitch, 
stub-tooth form. 

The strength value for the 7-pitch 14 1/2-degree 12-tooth pinion 
is seen to be 0.041, whereas it is 0.0717 for the 7/9-pitch stub tooth— 
a difference of 75 per cent in favor of the 20-degree stub tooth. 

А comparison of the values given at B in Figs. 30 and 31 show how 
the strength value rises as the number of teeth increases, all other 
factors remaining the same. Тһе 14-tooth 7/9-pitch 20-degree 
stub tooth is seen to have a strength value of 0.07606, and the 12- 
tooth pinion of the same pitch and tooth form 0.0717—a difference 
of 6 per cent. The chart, Fig. 32, gives comparisons for all pitches 
from 10 to 2, and numbers of teeth from 12 to a rack for 14 1/2- 
degree full-length and 20-degree stub teeth. 


Strength of Internal Gear Teeth 


As has previously been explained, an internal gear is an external 
gear with the teeth turned inside out. This condition causes а 
difference in action of the teeth in that for the same ratio of teeth, 
the length of the line of action is somewhat increased. Further- 
more, modifications of the internal teeth are sometimes necessary 
to provide proper tooth action, as illustrated in Fig. 33, and this, of 
course, affects the strength of the internal teeth. 

Fig. 33 shows how the number of teeth in the pinion affects the 
strength of the mating internal gear teeth. At A is shown а 16-tooth 
pinion, 8-pitch, 14 1/2-degree pressure angle in mesh with an in- 
ternal gear having 40 teeth. Owing to the small number of teeth 
in the pinion, slight pressure angle, etc., a considerable modification 
of the internal gear teeth is necessary to provide proper tooth action. 
It is necessary in this case that the teeth of the internal gear be 
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Ftc. 32.—Chart for Use in Converting from 14 1/2-degree Involute 
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entirely removed for the length of cross-hatched portion C, and 
that they be modified for the length indicated by the dark portion 
D. This has the effect of greatly increasing the strength of the 
internal gear teeth. An increase in the number of teeth in the 
pinion, all other factors remaining the same, reduces the strength 
of the internal gear teeth. As shown at B, less modification of 
the teeth is necessary to provide proper tooth contact with the result 
that the working surface of the tooth is lengthened, and its effective 
strength decreased. 

It should be explained that if the internal gear teeth are not 
modified they will interfere with the flanks of the pinion teeth, and 
the gears will not have correct action. That portion of the internal 
gear tooth extending inside the base circle can always be removed, 
without any detrimental effect to the gear, as there can be no pos- 
sible action inside the circle from which the involute is generated. 
As has been previously explained the Gear Shaper cutter automati- 
cally removes the material which would interfere with proper action 
of the teeth. 
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Fic. 84.—Шизїтайїоп Showing How an Increase in the Pressure Angle 
Affects the Strength of Internal Gear Teeth. 


In calculating the strength of an internal gear tooth, the initial 
point of contact of the pinion tooth with that of the internal gear 
tooth must first be located. "The location of this point is governed by 
several factors—the pressure angle, tooth length, ratio of teeth in 
gear and pinion, type of cutter used, and relative number of teeth 
on the cutter and internal gear. Тһе first three points are made 
clear in connection with Fig. 12, as previously explained. 

The interference point is that point at which a line drawn from 
the center of the pinion and at right angles to the line of action 
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cuts the latter. This point also locates the base circle of the pinion. 
Now, regarding the cutter. If the Gear Shaper cutter used has a 
greater number of teeth than the pinion, which is to run with the 
gear, it will in certain cases cut away more of the tooth than is 
actually required to avoid interference, and hence the initial point of 
contact will take place closer to the line of centers. It is, therefore, 
necessary to take the number of teeth in both the cutter and pinion 
into consideration. This question of tooth trimming was fully 
explained in Chapter II, to which reference should be made. 


Locating Weakest Section of Internal Gear Teeth 


The method of determining the weakest section of an external 
gear tooth, as explained in connection with B, Fig. 30, is shown 
applied to internal gear teeth at A and B in Fig. 33. Неге, as shown 
at A, the initial point of contact F is advanced along the line of action 
from the interference point E. It will also be seen that the pinion 
will not operate properly with this internal gear unless the darkened 
portions are modified or entirely removed by enlarging the inside 
diameter. 

Calculation will show that the value 2 is equal to 0.177 for the 
gear and 0.042 for the pinion. An increase in the number of teeth 
in the pinion from 16 to 24 teeth, as shown at B, Fig. 33, all other 
conditions remaining the same, increases the strength value of the 
pinion tooth from 0.042 to 0.053, and adversely affects the strength 
of the internal gear tooth, reducing it from 0.177 to 0.135. This is 
brought about by the increased leverage on the internal tooth re- 
sulting from the pinion tooth coming into contact with the internal 
tooth further away from the line of centers. Obviously, the shorter 
the tooth, relative to the thickness at the base, the stronger it is; 
and by increasing the length of the tooth, keeping the base the 
same, the tooth becomes weaker. 

Fig. 34 shows how an increase in the pressure angle from 14 1/2 
to 20 degrees affects the strength of the tooth. At A in Fig. 34, a 
13-tooth pinion of 8/10 diametral pitch, 20 degrees pressure angle is 
shown in mesh with a 40-tooth internal gear. The darkened portion 
indicates the amount to be removed from the gear tooth to ensure 
proper action. The value of x for the gear is 0.129; and for the 
Pinion 0.063. 

A gear and pinion having the same tooth ratio, but of 8 diametral 
pitch, 14 1/2-degree pressure angle, is shown at В in Fig. 34. It will 
be noticed that more correction in this case is necessary on the 
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Fic. 35.—Diagram Illustrating the Effect of an Increase in the Pressure 
Angle on Bearing Loads. 


internal gear tooth, thus reducing its effective length and increasing 
its strength value. In this case the strength value is 0.148, showing 
that a shortening of the tooth has a greater effect on the strength 
than an increase in the pressure angle; but this is obtained by sacri- 
ficing the amount of tooth bearing. 

The advantages of the stub tooth for internal gears is clearly 
explained by this analysis. The comparative strength values for 
the internal gear are 0.129 as against 0.148, and for the pinions 
0.063 as against 0.038. It will be noticed that these values are 
paired up as follows: 0.063 with 0.129, and 0.038 with 0.148. In 
other words, an increased pressure angle and stub tooth brings the 
relative strength of the internal gear and pinion closer to each other 
than does a smaller pressure angle and longer tooth. 


Method of Balancing Strength of Internal Gear 
and Pinion Teeth 
Owing to the large number of factors involved, the strength of 
internal gear teeth has not received the attention it deserves. When 
an internal gear and pinion are made from the same material, the 
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pinion is, obviously, always the weaker member, but its strength, 
relative to the internal gear, is controlled by the factors previously 
mentioned. When an internal gear is made from one material and 
a pinion from another, it is necessary that the strength of both be 
calculated, because a change in material can have a decided effect 
on the strength of the tooth. 

In this connection it might be mentioned that when the gear and 
pinion are made from the same material, the strengths are sometimes 
balanced approximately. This is done by increasing the thickness of 
the pinion teeth at the pitch line, and increasing the tooth spaces 
in the internal gear a proportional amount. Balancing for tooth 
strength сап be accomplished only by the “си! and try" method оп 
the drafting board, but is a comparatively simple proposition if the 
method of determining the strength of the teeth as explained in con- 
nection with B, Fig. 30, is followed. 


Effect of Pressure Angle on Bearing Loads 


An increase in the pressure angle of the tooth does not have such 
a serious effect on the bearing loads as is sometimes believed. The 
diagram in Fig. 35 will serve to illustrate this. The pitch line force 
EO coming against the inclined surface of the gear tooth resolves 
itself in force FO acting along the line of action, as shown. The 
amount of load increase by reason of the pressure angle is graphically 
indicated at D. It is apparent that the increase is in the ratio of 
EO : FO of right angle OEF, and is therefore proportional to the 
secant of the pressure angle. 


Table IV gives the secant of various angles from 14 1/2 to 30 
degrees, inclusive. The column on the right compares the load 


TABLE IV—Increase in Load on Bearings Due to Pressure Angle. 


Pressure Comparison of Load on Bearings 
Angle Degrees with 1412? in Terms of Percentage 


1416 
17 
20 
9914 
94 
974 
30 
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Fic. 36.—Diagram Illustrating Method of Locating Point of Applica- 
tion of Greatest Load on a Helical Gear Tooth. 


with 14 1/2 degrees in terms of percentage. It will be noticed 
that increasing the pressure angle from 14 1/2 to 20 degrees only 
increases the load on the bearings 3 per cent—a negligible amount. 


Strength of Helical Gear Teeth 


A comparison of a spur and helical gear reveals the fact that a 
helical tooth must be stronger than a spur tooth of the same pitch, 
pressure angle, etc. This is brought about by the nature of the 
tooth contact. In correctly designed helical gears, with sufficient 
"pitch overlap" in the face width, the teeth are always in contact 
at tlie pitch line in some one plane. 

Therefore, the greatest load is never taken on the extreme point 
of the tooth, as can happen with a plain spur gear; but is always in 
the vicinity of the pitch line. The actual point of application of 
the greatest load varies with the pressure angle, number of teeth, 
addendum, and tooth ratio, but for the average calculation can be 
considered taking the position shown at B in Fig. 36. 

To locate this point first find the starting and finishing points 
of contact а and b, as described in connection with Fig. 17. Note:— 
Point b in this case lies slightly outside the base circle. Line c lies 
midway between points a and b. Project this line to the involute, 
and cutting the vertical center line of the tooth. Then draw a 
line through this intersection point and tangent to the base circle. 
This intersection point locates the apex of the parabola. Тһе 
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strength value can then be obtained, as previously explained, for an 
ordinary spur gear tooth. 

It should be observed that the tooth section shown at B is taken 
in the normal plane, and decreases in thickness at the pitch line as 
the helix angle is increased; also, it should be noted that on a helical 
gear, three teeth are always in contact at the same time, so that the 
load is spread over a greater number of teeth than is usually the case 
with plain spur gears. 


Effect of Helix Angle on Strength of Helical Gear Teeth 
The disadvantages of a steep helix angle are three in number: 
1. A steep helix angle increases the end thrust. 

2. It also increases the tangential tooth load. 


3. It reduces the cross-section of the tooth in the normal plane. 


In order to show how a steep helix angle affects the strength of 
the tooth of a helical gear, two charts, Figs. 37 and 38, are given, com- 
paring plain spur stub teeth with helical stub teeth having 15 and 
23 degrees approximate helix angles. 

Referring to Fig. 37 it will be seen that a 15-tooth spur pinion 
of 7/9 pitch has a strength value of approximately 0.080, whereas, 
a helical tooth of the same pitch, etc., but 15° 12’ helix angle has a 
strength value of 0.129. This is a difference in strength in favor of 
the helical gear of over 61 per cent. Now refer to Fig. 38, where the 
same comparison is given, but with the helix angle increased to 23° 
25’. Неге the strength value is 0.115, a difference of less than 44 
per cent, as compared with a regular spur gear of the same pitch, etc. 


Calculating Strength of Gear Teeth 


In the foregoing, methods have been illustrated and described for 
determining the weakest sections of spur, external, internal and 
helical gear teeth. The values х so obtained can be used directly 
in the following formula for calculating the carrying capacity of 
various gear teeth. 


TL = SFS x FW 


In which: 
TL = Tangential tooth load in pounds. 
SFS = Safe fiber stress. 
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FW = Face width in inches. 
x = Factor obtained from a graphical layout of tooth. 


This formula gives the static strength, and for speeds up to 1200 
F.P.M., the following formula is introduced to take care of the speed 


factor: 
FS x 600 
de 600 + PLV 
in which: 


FS = Fiber stress of material.* 


РТУ = Pitch line velocity in feet per minute. 


A Practical Example 


Assume that it is necessary to find the carrying capacity of a | 
6/8 pitch, 30-tooth spur gear having a face width of 0.600-inch | 
operating at a speed of 750 R.P.M. Assume that the fiber stress* 
is 50,000 pounds per square inch. 


First find the pitch line velocity as follows: | 
'  PLV = 0.262 x PD x RPM | 
in which: 
PD - Pitch diameter of gear in inches. 
RPM - Revolutions per minute. 
PLV = 0.268 x 5 х 750 = 982.5 
E 50,000 x 600 
600 + 982.5 
TL = 18,957 x 3 2 x 0.118 


SFS — 18,957 


— 894 pounds. 








* 24 the ultimate strength for cast iron. 
24 the elastic limit for steel. 


СНАРТЕК ҮІ 
Graphical Method of “Generating” an Involute Gear Tooth 


The foregoing graphical analyses of gear tooth action and strength 
were obtained from diagrams of gear teeth “generated” оп the draft- 
ing board to an enlarged scale and to accurate dimensions. In 
making these analyses, the first step is to decide on the scale to 
which the drawing is to be made. 

If it is intended simply to make an analysis of the tooth action, 
then an enlargement of 4 to 1 is satisfactory. If, on the other 
hand, it is desired to find the strength of a gear tooth, then a 10 
to 1 scale is preferable. First draw a circle representing the pitch 
circle of the gear (to the scale desired). Then draw a vertical center 
line, and another circle, representing the outside diameter of the 
gear. 


Obtaining the Base-circle Diameter 


Next draw a circle representing the base circle from which the 
involule curve is to be "generated." This can be determined by 
means of a protractor or drafting machine, or it can be calculated. 
То find the base-circle diameter by calculation, multiply the cosine 
of the pressure angle by the pitch diameter. 

Assuming that a drafting machine is available, set this at 14 1/2 
degrees or 90 degrees, depending upon the pressure angle of the 
gear. Then move the drafting instrument until the "horizontal" 
scale is on the point where the pitch circle cuts the vertical center 
line, or pitch point. Draw this angular line, and by means of a 
pair of compasses, scribe an arc that is tangent to and cuts it, as 
illustrated in Fig. 39. By means of a pair of dividers, lay off the 
distance indicating the thickness of the tooth on the pitch line. 


“Generating” the Involute Curve 


The involute curve for a gear tooth can be very accurately laid 
out on the drafting board, if proper саге is taken. Following 15 
a simple and accurate means of accomplishing this: First space 
off an equal number of divisions on the base circle. Тһе number 
of divisions is unimportant. Тһе finer the divisions, however, the 
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Fic. 39.—Diagram Showing Graphical Method of Dividing the Base 
Circle Preparatory to Constructing an Involute Curve. 

more accurate the curve. Аз a general rule, the arc of the base 

circle extending from the point of tangency of base circle and vertical 

center line should be divided into five equal parts. 

After dividing the base circle, proceed to draw lines tangent to 
the base circle, starting from the various division points. If a draft- 
ing machine is not available, this can be accomplished by drawing 
lines from the division points to the center of the gear and then 
using a regular triangle for laying off the tangent lines. If a drafting 
machine is available and has a scale that is long enough to reach 
from the base circle to the center, then these radial lines are not 
necessary. If, on the other hand, the scale on the drafting instru- 
ment is not long enough, then the radial lines are drawn in; and 
to construct the tangent lines, one scale of the drafting instru- 
ment is set parallel with these radial lines; the drafting instrument 
is then moved up, as shown in Fig. 40, and lines tangent to the 
base circle are drawn beyond the vertical center line. This procedure 
is continued until sufficient tangent lines have been drawn to cover 
the full length of the tooth. 
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To lay off the involute tooth, take a pair of compasses, and with 
needle point set on the tangent point A (see Fig. 41), scribe an arc 
having a radius AB. This arc should cut the point on the рисћ 
circle representing the thickness of the tooth and cover the dis- 
tance included between the two tangent lines B and C. Continue 
stepping off with the compasses, taking the other points of division 
on the base circle, as center points, and scribing arcs cutting the 
tangent lines. This procedure is continued until the involute curve 
of the gear tooth has been completed. Care should be taken in 
all cases to see that these series of arcs connect up exactly with 
each other: otherwise, the involute curve will not be accurate. When 
the involute curve outside the base circle has been completed, that 
portion of the tooth inside the base circle 15 "generated." 


Constructing Diagram for Gear Shaper Cutter Tooth 


Preliminary to laying out the flank and fillet for the gear tooth, 
it is necessary to make a diagram of the Gear Shaper cutter tooth 





| Center 


Fic. 40.—Diagram Showing Method of Drawing Construction Lines for 
an Involute Gear Tooth. 
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Fic. 41.—“Generating” an Involute Gear Tooth by Means of a Pair of 
Compasses. 

on tracing cloth. "This is constructed in exactly the same way as the 
gear tooth previously described, with the exception that the adden- 
dum is made greater by 95 per cent than that of the gear tooth. 
The pitch diameter of the cutter diagram should be made 3 inches 
for gears of 7-pitch and finer, and 4 inches for gears of 6-pitch and 
coarser. Тһе scale to which this diagram is drawn should be the 
same as that used for the gear tooth. Тһе form of this diagram 
for the Gear Shaper cutter tooth is indicated in Fig. 42. 


* Generating" the Flank апа Fillet 

After the Gear Shaper cutter-tooth diagram has been constructed, 
proceed to "generate" the flank and fillet. This is accomplished in 
a different manner from that used in constructing the involute curve 
outside the base circle. The procedure, however, is simple if the 
proper precautions are taken. It consists simply in rolling the 
cutter-tooth diagram on the diagram of the gear tooth, care being 
taken to keep the pitch circle of the cutter diagram and the pitch 
circle of the gear at all times tangent to each other. 
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To commence, place the diagram, as indicated їп Fig. 49, with 
the two pitch circles and the two inrolute curves tangent to each 
other; then, by means of a needle point, prick through the tracing 
cloth into the drawing, holding the cutter diagram in the position 
indicated. 

The cutter-tooth diagram 15 now located on the starting point 
from which the flank and fillet are 'generated." То proceed, hold 
the cutter diagram in place so that it does not slip; then move the 
needle point from the point of tangency of the involute curve and 
place it where the two pitch circles start to part company (see Fig. 42). 
With the needle point in this position, swing the tooth diagram 
toward the gear tooth, and with another needle point prick through 
the extreme inward point А of the cutter tooth (see Fig. 42). 


* 

















№ 20'stubtooth Diagram of | 
Gearshaper Cutter Tooth 
 3'pp Z% Pitch ; 









2-5: 


ы 4 


77224 


i 


| Center 


——.— —— —— 





Fic. 42.—Diagram Showing Graphical М ethod of “Generating” Flank 
and Fillet of a Gear Tooth Using Gear Shaper Cutter Tooth Dia- 
gram. Note:—Diagram Is in Starting Position Ready for “Gen- 
eration” of Flank and Fillet. 
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Fic. 43.—View Similar to Fig. 42. In this Case, however, the Gear 
Shaper Cutter Tooth Diagram Is Rolled Around until the Flank 
and Fillet Are Almost Completed. 


This procedure is continued until the cutter-tooth diagram has 
been rolled around sufficiently on the pitch circle of the gear so that 
the point of the tooth has come up and passed the base circle, thus 
completing the fillet and flank of the gear tooth. If the gear has a 
small number of teeth and the pressure angle is 1415 degrees, the 
point of the cutter tooth will not come exactly in line with the in- 
rolute curve at the base circle, but will fall inside of the curve, indi- 
cating that there is a certain amount of undercutting of the tooth. 
This, however, is exactly the form of tooth that is produced by a 
generating cutter. 

The only precautions that need be taken in 
rate flank and fillet are to draw the tooth diagrams accurately, 
having fine inked lines for the pitch circles апа involute tooth curves; 


* 


'generating" an accu- 


and also use a fine needle point, so that the various points 





GRAPHICAL “SGENERATION ОҒ INVOLUTE CURVE 69 


indicating sweep of cutter tooth will be accurately located. It 
is also necessary that the cutter-tooth diagram be kept from slip- 
ping on the drawing; otherwise, the curve that is "generated" will 
not be accurate. If proper care is taken, however, a very accurate 
flank and fillet can be generated in this manner. 

Fig. 43 shows the Gear Shaper cutter diagram swung around to 
the position where the point of the cutter tooth has practically 
reached the base circle. Reference to this illustration in connection 
with Fig. 42 will give a clear idea as to how the "generation" of 
the flank and fillet is accomplished. The only step remaining to 
complete one side of the gear tooth is to connect the various needle 
points on the drawing with an irregular curve, as indicated in Fig. 
44. One side of the gear tooth is now constructed, the other side is 
"generated" in a similar manner. 
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“3 44.— Connecting Up Various Needle Points on Flank and Fillet of 
Gear Tooth, with an Irregular Curve, thus Completing One Side 
of the Gear Tooth. 
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Table V.—Gear Tooth Parts 


Diametral Pitch, Circular Pitch, and Module Equivalents 
Standards in Bold-Face <a a For Full-Length Tooth Generated Gears 


Dedendum = ==— Ср to and Including 16 D. P. 


2 

MODULE| 
(M) [CIRCULAR | ADDENDUM EU WHOLE DEPTH |DOUBLE DEPTH 
Шин (А) or TOOTH (WO) jor TOOTH (00) 
1.4324 
1.4174 
1.3730 
1.3428 
1.3288 
12844 
1.2554 
1.2402 
11960 
1.1638 
1.1516 
1.1250 
1.1072 
1.0744 
1.0628 
1.0188 
0.9848 
0.9744 
0.9550 
0.9502 
0.9000 
0.8952 
0.8858 
0.8416 
0.8058 
0.7972 
0.7528 
0.7500 
0.7162 
0.7086 
0.6644 
0.6450 
0.6266 
0.6200 
0.5758 
0.5626 
0.5572 
0.5316 
0.5000 
0.4872 
0.4774 
0.4500 
0.4476 
0.4428 
0.4090 
0.5986 
0.5750 
0.5582 
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Table VI.—Gear Tooth Parts 


Diametral Pitch, Circular Pitch, and Module Equivalents 
Standards in Bold-Face Type. For Full-Length Tooth Generated Gears 


95 . 4 т ° 
Редепдит = тас Up to and Including 16 D. P. Over 16 D. P., Up to and Including 


82 D. P., Dedendum = —— Б + 0.015". Over 32 D. Р., Dedendum = Бр + 0.010” 


МОРШЕ DIMENSIONS ІМ INCHES 


(M) THORNES ADDENDUM | DEDENDUM [WHOLE DEPTH [DOUBLE DEPTH 
(CTH.) (A) (D) Jor TooTH (Wo)|or TOOTH (00) 
2 


16.7552 
16.9332 


25.1328 
25.3998 
26 














12 THE INTERNAL GEAR 


Table VII.—Gear Tooth Parts 
20° Stub English Pitches and Modules 
Fellows Gear Shaper Company Standards | 


20° STUB | 20° STUB DIMENSIONS INCHES 


THICKNESS | ADDENDUM | DEDENDUM [иво эин | ос Toon. 
( CTH.) d (D [tw D) | (ор) 
| 0.5094 


312/242 
5%/2% 


5/2% 
2%/2 
2%/2 
21: 
2/1% | 


14/1% | 
Ve Л? | 


14/1 


1/% 


%/9 | 





